Abstract: Optically induced spin echoes are observed. Two types of spin echoes, on-and off-resonant manipulations by the control pulse, are discussed. Possibility of spin rotation around arbitrary axis by using the off-resonant manipulation is given.
Introduction
Optical manipulation of spin coherence is studied in rubidium atoms. Recently, quantum computing in spin systems has been demonstrated by manipulating nuclear spins using the nuclear-magnetic-resonance technique. If the spin can be manipulated by an all-optical method, more rapid control of the spin system can be realized. Optical manipulation of spins is also important to verify the nonadiabatic quantum phases in electron spin systems.
The studies of the optically induced spin echoes for on-resonant [1] and off-resonant [2] manipulations have been developed individually. In the present work we consider both types of spin echoes as a whole from the viewpoint of the spin manipulation.
Experiment
Spin dynamics in rubidium atoms was observed by the polarization spectroscopy with the pump-probe technique. The magnetization in the ground state is created by a circularly polarized pump pulse, and detected by a polarimeter with a quarter-wave plate as the change of the polarization of a linearly polarized probe pulse. A typical experimental result of the observed spin transients in an inhomogeneous magnetic field is shown in Fig. 1 , where the optical pulses are provided by acousto-optic modulators from the continuous outputs of a Ti:Sapphire laser and a laser diode, and the directions of the generation and control pulses are parallel. The spin echo signal appears at t=2W when the generation and control pulses are applied at t=0 and W, which is the same as the spin echoes in the magnetic resonance, the nuclear magnetic resonance or the electron spin resonance. The spin echo signal is in phase with the FID signals.
Optically induced spin echoes are caused by manipulating spins with the control pulse. To examine the effect of on-and off-resonant manipulation, we used the two lasers for the generation and control pulse. The frequency of the generation and the probe pulses are on resonance to an absorption line, and that of the control pulse is swept around the absorption line, then the efficiencies for the generation and detection of the magnetization are constant. 
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978-1-55752-859-9/08/$25.00 ©2008 IEEE Figure 2 shows control-frequency dependence of the observed spin echo intensity for a transition of 87 Rb (F=2AEF=1), where the control pulse rotates the spins around the axis parallel to the direction of the generation pulse. This shows that the echo intensity of the off-resonant type is larger than that of the on-resonant type.
Result and discussion
The controlling mechanism or the refocusing mechanism of the control pulse for the off-resonant manipulation is different from that for the on-resonant manipulation. The echo of the on-resonant type is caused by the optical pumping, while the echo of the off-resonant type is caused by the effect of the light shift. The light shift behaves as a fictitious magnetic field along the direction of the laser beam. Therefore, the manipulation of the magnetization by the light shift is more preferable than that by the optical pumping in the viewpoint of the free rotation of spins.
The observed spin-echo signal for the perpendicular manipulation is shown in Fig. 3 , where the direction of the control pulse is perpendicular to the magnetization created by the generation pulse. The spin echo signal is out of phase with the FID signals. The observed echo phases in Figs. 1 and 3 are consistent with the interpretation that the control pulse realizes the spin rotation around its direction due to the light shift effect. The rotation angle can be adjusted by the intensity or duration of the control pulse. Our experimental result gives the possibility of arbitrary-angle spin rotation around arbitrary axis by using the off-resonant manipulation. a1364_1.pdf
